A0747 1  5 


FILE  COPY _  ID  A  0  74 


SECURITY  classification  of  this  pagf  r>«t»  Kn»..-o 


REPORT  DOCUMENTATION  PAGE 


I.  REPORT  NUMBER 


jipr  READ  INSTRUCTIONS 

_ HEI-’OKK  COMfl.I-TINC,  FORM 

2.  GOVT  ACCESSION  NO.  3  RECIPIENT’S  CATALOG  NUMHEH 


14.  TITLE  (and  Subtltla)  f 

Phase  I  Inspection  report  I  Y9  j 

Lock  3  Com  at  Mechanicville 

Uppper  Hudson  River  Basin  Rensselaer-SaratogaCo. 
Inventory  No.  NY  215  ^  / 

T.  AUTHORf.J  “  ;  «.*as  tk  <  / 


9.  PERFORMING  ORGANIZATION  NAMEiANO  ADORES9  ;  "  ■  9P 

.  Nev  York  State  Department  of  Environment al- 
1  Conservation  /  50  Volf  Road  y  <■> 

Albany,  New  York  12233 _ _ 

•  1.  CONTROLLING  OFFICE  NAME  AND  ADDRESS  ^ 

New  York  State  Department  of  Environmental  Con¬ 
servation/  50  Volf  Road 

Albany.  New  York  12213 _ 

14.  MONITORING  AGENCY  NAME  A  AOORESSf/f  ditto  rant  tram  Control  line  Otttco) 

Department  of  the  Army 

26  Federal  Plaza/  New  York  District,  CofE 
New  York,  New  York  10007 


5.  type  of  heport  a  period  covereo 
Phase  1  Infarction  Report 
National  Pap  Safety  Program 

6.  PERFORMING  ORG.  REPORT  NUMBER 

8.  CONTRACT  OR  GRANT  NUMUERft)  **" 


10.  PROGRAM  ELEMENT.  PROJECT,  TASK 
AREA  &  WORK  UNIT  NUMBERS 


13.  NUMBER  Q E-JgJLGES-. 


15.  SECURITY  CLASS,  (ol  thle  report) 


UNCLASSIFIED 


15a.  DECLASSI  F| CATION/ DOWNGRADING 
SCHEDULE 


17.  DISTRIBUTION  STATEMENT  (ol  the  ebetrect  entered  In  Block  20,  ll  different  from  R 


safety  Program.  Lock  3  !  bt^LbU  1/ 

1  Dam  at  Machanicville  (Inventory  Number  1 
f  NT-215),  Upper  Hudson  River  Realm,  \ 

Ramsselaer-Saratoga  County,  New  York.  \ 

J&ss?)  to  taenuty  ay  Clock  nuiiMi^ 

0am  Safety  Lock  3  Dam  at  Mechanicville 

National  Dam  Safety  Program  Hudson  River 

[  Visual  Inspection  Rensselaer  County 

\  Hydrology,  Structural  Stability  Saratoga  County 


^^MBTWACT  (*C mottoum  mm  reeotem  ehke  It  howmw  and  Identity  by  block  number) 

This  report  provides  information  and  analysis  on  the  physical  condition  of 
the  dam  as  of  the  report  date.  Information  and  analysis  are  based  on  visual 
Inspection  of  the  dam  by  the  performing  organization. 

Lock  3  Dara  at  Mechanicville  was  found  to  have  an  inadequate  spillway 
capacity,  additional  investigation  to  better  deter  nine  the  structural 
Stability  of  the  dam  was  also  recommended. __ 


DO  1473 


EDITION  or  I  NOV  as  IS  OBSOLETE 


t,  i  is  m 


UNCLASSIFIED  O  /  vJ  II  U 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  fNfc-l  Data  hntatad) 


UPPER  HUDSON  RIVER  BASIN 

LOCK  3  DAM  AT  MECHANICVILLE 

RENSSELAER  -  SARATOGA  COUNTY 
NEW  YORK 

INVENTORY  NO.  NY  215 

PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 


APPROVED  FOR  PUBLIC  RELEASE; 

DISTRIBUTION  UNLIMITED 
CONTRACT  NO.  DACW-51-79-C0001 


NEW  YORK  DISTRICT  CORPS  OF  ENGINEERS 


FEBRUARY  ,1979 


DISCLAIMER  NOTICE 


THIS  DOCUMENT  IS  BEST  QUALITY 
PRACTICABLE.  THE  COPY  FURNISHED 
TO  DDC  CONTAINED  A  SIGNIFICANT 
NUMBER  OF  PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


PREFACE 


This  report  is  prepared  under  guidance  contained  in  the 
Recommended  Guidelines  for  Safety  Inspection  of  Dams,  for  Phase  I 
Investigations.  Copies  of  these  guidelines  may  be  obtained  from 
the  Office  of  Chief  of  Engineers,  Washington,  D.C.  20314.  The 
purpose  of  a  Phase  I  Investigation  is  to  identify  expeditiously 
those  dams  which  may  pose  hazards  to  human  life  or  property.  The 
assessment  of  the  general  condition  of  the  dam  is  based  upon  available 
data  and  visual  inspections.  Detailed  investigation,  and  analyses 
involving  topographic  mapping,  subsurface  investigations,  testing, 
and  detailed  computational  evaluations  are  beyond  the  scope  of  a 
Phase  I  Investigation;  however,  the  investigation  is  intended  to 
identify  any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the  reported 
condition  of  the  dam  is  based  on  observations  of  field  conditions 
at  the  time  of  inspection  along  with  data  available  to  the  inspection 
team.  In  cases  where  the  reservoir  was  lowered  or  drained  prior  to 
inspection,  such  action,  while  improving  the  stability  and  safety  of 
the  dam,  removes  the  normal  load  on  the  structure  and  may  obscure 
certain  conditions  which  might  otherwise  be  detectable  if  inspected 
under  the  normal  operating  environment  of  the  structure. 

It  is  important  to  note  that  the  condition  of  a  dam  depends  on 
numerous  and  constantly  changing  internal  and  external  conditions, 
and  is  evolutionary  in  nature.  It  would  be  incorrect  to  assume  that 
the  present  condition  of  the  dam  will  continue  to  represent  the 
condition  of  the  dam  at  some  point  in  the  future.  Only  through  frequent 
inspections  can  unsafe  conditions  be  detected  and  only  through  continued 
care  and  maintenance  can  these  conditions  be  prevented  or  corrected. 

Phase  I  inspections  are  not  intended  to  provide  detailed  hydrologic 
and  hydraulic  analyses.  In  accordance  with  the  established  Guidelines, 
the  Spillway  Test  flood  is  based  on  the  estimated  "Probably  Maximum 
Flood"  for  the  region  (greatest  reasonably  possible  storm  runoff) ,  or 
fractions  thereof.  Because  of  the  magnitude  and  rarity  of  such  a  storm 
event,  a  finding  that  a  spillway  will  not  pass  the  test  flood  should 
not  be  interpreted  as  necessarily  posing  a  highly  inadequate  condition. 
The  test  flood  provides  a  measure  of  relative  spillway  capacity  and 
serves  as  an  aide  in  determining  the  need  for  more  detailed  hydrologic 
and  hydraulic  studies,  considering  the  size  of  the  dam,  its  general 
condition  and  the  downstream  damage  potential. 
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PHASE  1  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 


Name  of  Dam: 

State  Located: 
County  Located: 
Watershed: 

Stream: 

Date  of  Inspection: 


Lock  3  Dam  @  Mechanicville 
I.D.  No.  NY-215 
(#119-UH) 

New  York 

Rensselaer  -  Saratoga 
Upper  Hudson  River  Basin 
Hudson  River 
October  26,  1978 


ASSESSMENT 


Examination  of  available  documents  and  a  visual  inspection  of 
the  dam  did  not  reveal  conditions  which  constitute  an  immediate 
hazard  to  human  life  or  property.  However,  additional  studies 
should  be  undertaken  to  further  evaluate  conditions  affecting  the 
dam. 


Additional  data  and  analysis  is  needed  to  ascertain  the  con¬ 
dition  and  stability  of  the  wrought-iron  framework  supporting  the 
apron  slabs.  Also,  a  more  detailed  structural  stability  analysis 
of  the  dam  using  the  site-specific  foundation  material  characteristics 
is  also  recommended.  Such  analyses  should  be  performed  in  accordance 
with  the  Corps  of  Engineers  Guidelines,  Chapter  4,  paragraph  4.4, 
included  in  Appendix  G. 

All  additional  data  gathering,  investigations,  and  analyses 
should  be  completed  within  one  year  of  the  date  of  this  Phase  1 
report.  During  the  interim  period,  a  detailed  emergency-operation 
plan  and  warning  system  should  be  developed  and  implemented. 

The  spillway,  not  having  sufficient  discharge  capacity 
for  passing  one-half  the  Probable  Maximum  Flood  (PMF) ,  is 
considered  to  be  inadequate.  For  such  a  large  storm  event, 
a  high  tailwater  condition  would  most  likely  occur  resulting 
in  the  flooding  of  the  downstream  hazard  areas.  Hence,  dam 
failure  from  overtopping  would  not  significantly  increase  the 
hazard  to  loss  of  life  downstream  from  that  which  would  exist 
just  before  overtopping  failure. 

Minor  deficiencies  found  during  the  visual  inspection  were  limited 
to  concrete  surface  deterioration  and  cracking  and  the  overgrowth  of 
vegetation  on  the  earth  dike.  Such  deficiencies  should  be  corrected 
during  normal  maintenance  operations  before  the  next  period  of  anticipated 
high  river  flows  (Spring  1980). 


George  Koch 

Chief,  Dam  Safety  Section 
New  York  State  Department  of 
Environmental  Conservation 


Coir''’ Clark  H.  Benn 

New  York  District  Engineer 


Approved  By 
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SECTION  1:  PROJECT  INFORMATION 
1.1  GENERAL 


a.  Authority 

The  Phase  1  Inspection  reported  herein  was  authorized  by  the  Department 
of  the  Army,  New  York  District,  Corps  of  Engineers,  to  fulfill  the 
requirements  of  the  National  Dam  Inspection  Act,  Public  Law  92-367. 

b.  Purpose  of  Inspection 

This  inspection  was  conducted  to  evaluate  the  existing  conditions  of 
the  dam,  to  identify  deficiencies  and  hazardous  conditions,  determine 
if  they  constitute  hazards  to  life  and  property,  and  recommend  remedial 
measures  where  necessary. 

1.2  DESCRIPTION  OF  PROJECT 


a.  Description  of  the  Dam  and  Appurtenant  Structures 
The  Lock  3  Dam  at  Mechanicville  is  a  masonry  gravity  dam  having  a 
reinforced  concrete  cap  and  a  downstream  precast  concrete  slab  apron 
supported  by  a  wrought  iron  framework.  The  masonry  overflow  section 
is  700  feet  long  and  19  feet  high,  in  addition  to  the  masonry  "main  dam" 
portion,  easterly  extensions  include  the  98  foot  wide  navigation  Lock  3  and 
a  520  foot  long  concrete  faced  earth  dike.  Extending  westerly  is  a  135 
foot  wide  gatehouse-forebay  structure  containing  12  gates  leading  to  the 
West  Virginia  Pulp  and  Paper  Company  manufacturing  plant  water  supply 
channel. 


b.  Location 

The  dam  is  located  on  the  Hudson  River,  northeast  of  the  City  of 
Mechanicville  and  east  of  State  Routes  4,  32,  and  67. 

c.  Size  Classification 

This  dam  is  37  feet  high  and  impounds  a  reservoir  of  3420  acre-feet. 

It  is  classified  as  an  "intermediate"  size  dam  (storage  capacity  between 
1000  and  50,000  acre-feet). 

d.  Hazard  Classification 

The  dam  is  classified  "high"  hazard  because  of  the  immediate  downstream 
populations  located  at  Hemstreet  Park  in  the  Town  of  Schaghticoke  and  the 
City  of  Mechanicville. 


e.  Ownership 

The  Lock  3  Dam  Is  owned  by  the  State  of  New  York  -  Department  of 
Transportation  (NYS-DOT),  Waterways  Maintenance  Subdivision.  It 
is  located  in  DOT-Region  1,  whose  ht  iquarters  are  in  Albany,  New 
York. 


The  original  dam  conscructor/owner  was  the  Hudson  River  Water-Power 
and  Paper  Company  (HRW-PPC).  The  West  Virginia  Pulp  and  Paper  Company 
(WVPPC),  successor  in  title  to  the  dam  from  HRW-PPC,  transferred  owner¬ 
ship  to  New  York  State  in  January  1922.  In  February  1979,  the  property 
of  the  Saratoga  Board  Mills  Corporation,  successor  in  title  to  the 
gatehouse- forebay  structure  from  WVPCC,  was  obtained  in  a  foreclosure 
sale  by  the  City  National  Bank  of  Detroit,  Michigan,  one  of  the  principal 
lienholders  against  the  Mechanicville  property.  More  recent  developments 
regarding  the  gatehouse-forebay  structure  ownership  is  contained  in  a 
newspaper  article  included  in  Appendix  D. 

Waterways  Maintenance  Subdivision: 

New  York  State  -  DOT 
Main  Office  -  State  Campus 
1220  Washington  Avenue 
Albany,  New  York  12232 

Director  -  Mr.  Joseph  Stellato 
(AC  -  518)  457-4420 

f.  Purpose  of  Dam 
The  primary  purpose  is  for  navigation  through  Lock  3  of  the  Champlain 
Barge  Canal.  The  impounded  waters  of  the  Hudson  River  provide  a  storage 
pool  used  for  gravity  inflow  to  Lock  3.  Supplementary  purposes  include 
flood  control  and  possible  hydroelectric  generation  from  the  presently 
non-operational  power  station  located  on  the  westerly  side  of  the  river. 

g.  Design  and  Construction  History 

The  original  dam  at  this  site  was  constructed  by  the  Hudson  River  Water- 
Power  and  Paper  Company  about  the  year  1882.  In  1912,  it  existed  as  a 
masonry  dam  with  a  timber  downstream  apron  supported  by  an  iron-steel 
framework.  The  dam  was  reconstructed  to  its  present  reinforced  concrete 
crest  cap  and  precast  concrete  slab  apron  in  1965. 

h.  Normal  Operational  Procedures 

Water  flows  unregulated  over  the  "main  dam"  spillway.  Flow  diversions 
from  the  storage  pool  occur  by  gravity  through  the  intakes  of  the 
Lock  during  boat  passage  and  minimally  through  the  forebav  gates. 

PERTINENT  DATA 


Region  One: 

Now  York  State  -  DOT 
S4  Holland  Avenue 
Albany,  New  York  12208 

Waterways  Maintenance: 

Engineer  -  Mr.  John  Hulchanski 
(AC  518)  474-6715 


a.  Drainage  Area 


(square  miles)  4500 


b.  Discharges  at  Dam  (cfs) 

Top  of  Dam  (Top  of  Earth  Dike)  122,100 

Top  of  Lock  3  (River-side  Abutment)  77,600 

Hydroelectric  power  station  existing  machinery  (12  units) 

Design:  6,043  (max.) 

Operating:  5,893 


c.  Elevations  (Barge  Canal  Datum  -  BCD) 


Top  of  Dam  (Top  of  Earth  Dike)  83.0 

Top  of  Lock  3  (River-side  Abutment)  77.0 

Spillway  Crest  67.5 

Maximum  Tailwater  (March  19,  1936)  60.70 

Minimum  Tailwater  (March  7,  1944)  46.55 

Reservoir  Pool  (USGS  Datum)  66.0 


(USGS  Mechanicville ,  Ni  7.5'  Quad.  -  1954) 


Datum  Conversion: 


USGS  0.0  equals  BCD  1.18 

d.  Reservoir  Surface  Area  (acres) 

Top  of  Dam  (Top  of  Earth  Dike)  Max.  Pool  350 

Top  of  Lock  3  -  Maximum  Normal  Pool  350 

Spillway  Crest  -  Normal  Pool  260 


e.  Storage  Capacity 

Top  of  Dam  (Top  of  Earth  Dike) 
Top  of  Lock  3 
Spillway  Crest 


(acre-feet) 

8785 

6685 

3420 


f .  Dam 

Type:  Masonry,  with  a  reinforced  concrete  cap 
and  a  precast  concrete  slab  apron. 


Length:  Spillway  Crest 
Lock  3 

Earth  Dike  (embankment) 
Gatehouse  -  Forebay 


(feet) 

700 

98 

520 

135 


Height: 

Structural 


(feet) 

37 


Width  @ 

Crest : 

(feet) 

Spillway 

(radius) 

2.3 

Earth  Dike 

@  Abutment 

39 

Normal 

60 

Slopes: 

(V  :  H) 

Spillway  - 

upstream  face 

1:2 

- 

downstream  apron 

1:1.75 

Earth  Dike 

-  upstream  face 

1:1 

-  downstream  face 

1:1 

g.  Spillway 

Type:  Uncontrolled,  gravity  masonry  structure 

with  a  rounded  reinforced  concrete  cap  and 
a  precast  concrete  slab  apron. 

Weir  Length  (feet)  700 

Crest  Elevation  (Barge  Canal  Datum)  67.5 

h.  Reservoir  Drain 
None 
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SECTION  2:  ENGINEERING  DATA 


2.1  DESIGN 


a.  Geology 

The  Lock  3  Dam  is  located  in  the  Hudson  Valley  Lowlands  physiographic 
province  of  New  York  State.  Rock  in  this  area  was  formed  during  the 
Ordovician  period.  The  rock  in  these  areas  is  predominantly  lime¬ 
stone  and  dolostone.  The  present  surficial  soils  have  resulted 
primarily  from  glaciations  during  the  Cenozoic  Era;  the  Wisconsin 
glaciation  being  the  most  recent  event  to  affect  this  area,  having 
occurred  approximately  11,000  years  ago. 

b.  Subsurface  Investigations 

No  records  of  subsurface  investigations  were  available.  Based  on  the 
plans  which  were  available  for  this  structure,  it  appears  that  the 
structure  is  founded  on  bedrock. 

c.  Dam  and  Appurtenant  Structures 

Records  indicate  that  the  dam  was  constructed  about  the  year  1882.  No 
information  was  available  concerning  the  original  design  of  the  dam. 

The  dam  has  been  reconstructed  several  times  since  first  constructed. 
Drawings  for  the  latest  reconstruction  performed  under  DOT  Contract 
M65-6  in  1965,  are  included  in  Appendix  H. 

2.2  CONSTRUCTION  RECORDS 

No  records  were  available  for  the  original  dam  construction.  The  only 
records  available  were  from  the  1965  reconstruction. 

2.3  OPERATION  RECORD 

The  dam  is  visually  inspected  on  an  irregular  basis  by  engineers  from 
NYS-DOT.  Mean  daily  water  levels  are  recorded  at  locations  both  up¬ 
stream  and  downstream  of  the  lock.  These  records  began  in  1917  and 
are  on  file  at  the  N.Y.S.  DOT  Region  One,  Waterways  Office. 

2.4  EVALUATION  OF  DATA 

The  data  presented  in  this  report  was  obtained  from  the  files  of  the 
Department  of  Environmental  Conservation,  the  New  York  State  Department 
of  Transportation,  the  New  York  State  Electric  and  Gas  Corporation  and 
the  Federal  Energy  Regulatory  Commission.  The  information  available 
appears  to  be  adequate  and  reliable  for  Phase  I  inspection  purposes. 
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SECTION  3:  VISUAL  INSPECTION 


3.1  FINDINGS 


a.  General 

Visual  inspection  of  the  Lock  3  Dam  at  Mechanicville  and  the  surrounding 
area  was  conducted  on  October  26,  1978.  The  weather  was  cloudy  and 
overcast  with  the  temperature  near  50°  F.  Depth  of  flow  over  the  spill¬ 
way  crest  was  approximately  1.65  feet. 

b.  Dam  -  Spillway 

The  "main  portion"  of  the  dam,  the  spillway,  could  not  be  observed 
because  of  submergence.  However,  the  vertical  and  horizontal  alignment 
of  the  crest  appeared  to  be  satisfactory. 

The  following  deficiencies  were  observed: 

1.  Concrete  spalling  on  the  river-side  face  of  the  lock 
upstream  protection  pier. 

2.  Smaller  areas  of  spalled  concrete  on  the  outer  lock  walls  both 
upstream  and  downstream  of  the  crest,  in  the  zone  of  flow 
aeration. 

3.  At  the  spillway-gatehouse  contact,  seepage  through  one  masonry 
block  horizontal  joint  immediately  adjacent  to  the  crest  was 
observed. 

c.  Appurtenant  Structures 

The  navigation  Lock  3  was  in  satisfactory  condition.  The  functioning 
of  the  12  forebay  gates  could  not  be  ascertained  although  some  flow  was 
occurring  downstream  of  the  gatehouse. 

The  'ollowing  deficiencies  were  observed: 

1.  The  concrete  surfacing  on  the  Lock-earth  dike  masonry  abutment 
was  deteriorated  considerably;  having  aggregate  exposed  and 
surface  comers  well-rounded  from  weathering. 

Earth  Dike -Embankment: 

2.  The  concrete  facing  on  the  dike  embankment's  upstream 
slope  protection  was  cracked. 

3.  The  vertical  alignment  of  the  crest  was  somewhat  irregular 
sloping  downward  in  the  upstream  direction;  a  vehicle  path 
existed  on  the  top  of  the  dike. 

4.  Several  large  trees  existed  on  the  top  of  the  embankment. 

5.  Small  trees  and  brush  existed  on  the  downstream  slope  of  the 
embankment . 


Forebay: 

6.  Seepage  through  the  east  wall  was  occurring  in  three  areas  which 
were  all  in  excess  of  200  feet  downstream  of  the  axis  of  the  dam. 

7.  Cracked  concrete  and  joint  separation  in  the  masonry  was  evident 
along  much  of  the  east  wall. 

d.  Reservoir 

A  low  area  exists  along  the  edge  of  the  river  due  east  of  the  north  end  of  the 
upstream  protection  pier,  the  apparent  result  of  an  excavation 
made  to  allow  vehicle  access  to  the  river  edge. 

There  was  no  noticeable  signs  of  soil  instability  in  the  reservoir  area. 

e.  Downstream  Channel 

No  unusual  conditions  were  noticed  in  the  downstream  Hudson  River 
channel. 

EVALUATION  OF  OBSERVATIONS 

Visual  observations  did  not  reveal  any  problems  which  would  affect  the 
immediate  safety  of  the  dam.  The  deficiencies  observed  can  be  corrected 
during  normal  maintenance  operations.  The  functioning  of  the  forebay 
gates  is  an  uncertainty  requiring  further  investigation. 
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SECTION  4:  OPERATION  AND  MAINTENANCE  PROCEDURES 


4. 1  PROCEDURE 

Normal  surface  is  at  or  slightly  above  the  uncontrolled  spillway  crest. 
Flow  diversions  occur  through  the  navigation  Lock  and  to  a  lesser  extent, 
through  the  forebay  gates.  Presently,  the  forebay  diversion  is  minimal 
since  neither  the  paper  mill  nor  the  hydroelectric  machinery  is  operating. 

4.2  MAINTENANCE  OF  DAM 

Maintenance  of  the  spillway  portion  of  the  dam  is  minimal  because  of 
continuous  submergence  of  the  crest.  During  the  1965  reconstruction 
work,  inspection  of  the  iron  and  steel  apron  support  framework  revealed 
no  major  structural  deterioration. 

4.3  MAINTENANCE  OF  APPURTENANT  STRUCTURES 

Maintenance  of  Lock  3  is  satisfactory.  However,  the  earth  dike  has  not 
been  maintained  as  evidenced  by  trees  and  brush  growing  on  the 
downstream  slope.  The  concrete  slope  protection  facing  also  requires  some 
remedial  work  to  prevent  further  deterioration. 

Maintenance  work  conducted  in  the  gatehouse-forebay  area  is  unknown. 
However,  since  the  paper  mill  has  been  substantially  inoperative 
for  several  years,  maintenance  has  probably  been  minimal. 

4.4  WARNING  SYSTEM  IN  EFFECT 

No  apparent  warning  system  is  present. 

4.5  EVALUATION 

Operation  and  maintenance  of  the  Lock  is  satisfactory.  Additional  main¬ 
tenance  is  needed  to  remedy  the  earth  dike  deficiencies  stated  above. 

In  addition,  all  masonry  and  concrete  structures  including  the  gatehouse- 
forebay  should  be  repaired  as  necessary. 


SECTION  5:  HYDROLOGIC/ HYDRAULIC 


5.1 


5.2 


5.3 


DRAINAGE  AREA  CHARACTERISTICS 

The  delineation  of  the  contributing  watershed  to  this  dam  is  shown 
on  the  map  titled  "Drainage  Area  -  Lock  3  @  Mechanicville"  (Appendix  D) . 

With  the  drainage  area  encompassing  some  4500  square  miles  including 
portions  of  Vermont  and  Massachusetts,  the  Hudson  River  main  stem 
travels  approximately  140  miles  from  its  headwaters  south  of  Lake  Placid 
to  the  Lock  3  Dam.  Major  tributaries  to  the  Hudson  River  are  the  Cedar, 

Indian,  Boreas,  Schroon,  Sacandaga,  and  Hoosic  Rivers  and  the  Batten 
Kill.  Numerous  lakes  including  Brant,  Schroon,  Piseco  and  Saratoga  lie 
within  the  basin  as  well  as  three  major  reservoirs;  Indian  Lake,  the 
Tomhannock,  and  the  Sacandaga  Reservoir.  Approximately  one-half  to 
two-thirds  of  the  basin  lies  within  the  Adirondack  Mountain  area  where 
elevations  rise  to  +5344  at  Mount  Marcy.  Elevations  at  the  east  abutment 
of  the  dam  are  near  +70.  Developed  land  use  has  occurred  in  the  lower 
portion  of  the  basin;  the  larger  developments  being  the  municipalities 
of  Warrensburg,  Glens  Falls,  Hudson  Falls,  Saratoga  Springs;  Arlington, 

Vermont;  Greenwich,  Schuylerville ,  Cambridge;  Bennington,  Vermont; 

Adams,  North  Adams,  and  Williamstown,  Massachusetts;  and  Hoosick  Falls. 

ANALYSIS  CRITERIA 

No  hydrologic/hydraulic  information  was  available  regarding  the  original 
design  for  this  dam.  Therefore,  the  analysis  of  the  spillway  capacity 
of  the  dam  was  performed  using  streamflow  gaging  station  records  (Appendix  D) 
and  data  contained  in  a  Corps  of  Engineer  report  entitled  "Upper  Hudson 
and  Mohawk  River  Basins  Hydrologic  Flood  Routing  Models".  The  methodology 
described  in  this  report  employed  the  Corps  of  Engineers  HEC-1  computer 
program  in  developing  a  model’  that  correlated  well  with  past  known  major 
storm  events;  i.e.,  the  storms  of  October,  1945,  December,  1948  and  June,  1972. 
No  direct  computer  analysis  using  HEC-1  was  performed.  The  spillway  design 
flood  selected  for  analysis  was  the  PMF  in  accordance  with  recommended 
guidelines  of  the  U.S.  Army  Corps  of  Engineers. 


SPILLWAY  CAPACITY 

The  single,  masonry  and  concrete,  overflow  spillway  acts  as  the  dam  in 
forming  the  reservoir  pool  for  the  navigation  Lock.  The  700  foot  long 
ungated  spillway  has  a  rounded  reinforced  concrete  cap  and  a  sloping, 
precast  concrete  slab  apron  on  the  downstream  face. 


For  computed  discharges,  a  discharge  coefficient  C,  of  3.8  was  used, 
determined  from  the  gage  readings  of  March  28,  1913.  Computed  discharges 
are  as  follows: 


STAGE 

Top  of  Dam  (Top  of  Earth  Dike) 

Top  of  Lock  3  (River-side  Abutment) 


DISCHARGE  (cfs) 
122,170 
77,670 


r 

I 

Maximum  discharges  through  the  hydroelectric  power  station  existing 
machinery  (12  units)  was  determined  to  be  6,043  cfs. 

The  spillway  does  not  have  sufficient  capacity  for  discharging  the  peak 
outflow  from  one-half  the  PMF.  For  this  storm  event,  the  peak  inflow 
and  peak  outflow  is  191,000  cfs,  whereas  the  PMF  peak  discharge  is 
382,000  cfs.  However,  the  dam  has  conveyed  a  maximum  discharge  of  120,000 

cfs.  The  computed  peak  discharge  capacity  is  122,170  cfs. 

5.4  RESERVOIR  CAPACITY 

The  normal  water  surface  is  at  or  slightly  above  the  spillway  crest. 
Storage  capacity  for  that  crest  elevation  is  3420  acre-feet.  Surcharge 
storage  capacity  to  the  Top-of-Lock  elevation  is  3265  acre-feet.  The 
total  storage  capacity  to  the  Top-of-Dike  elevation  is  8785  acre-feet. 

The  upstream  limits  of  the  reservoir  are  the  Lock  4  gates,  the  low  dam 
across  the  river  approximately  700  feet  south  of  the  State  Route  67 
bridge,  and  the  lower  reaches  of  the  Hoosic  River. 

5.5  FLOODS  OF  RECORD 

The  maximum  known  discharge  occurred  on  March  28,  1913  when  a  flow  of 
120,000  cfs  was  recorded.  The  computed  water  surface  elevation  for  this 
flow  is  82.8  (BCD)  (81.62  -  USGS)  or  a  flow  depth  to  within  5  inches  of 
the  top  of  the  earth  dike. 

5.6  OVERTOPPING  POTENTIAL 

Analysis  indicates  the  spillway  does  not  have  sufficient  discharge 
capacity  for  either  the  PMF  or  one-half  the  PMF.  The  computed  depths 
of  overtopping  are  13.9  feet  and  5.7  feet  respectively.  All  storms 
exceeding  approximately  32%  of  the  PMF  would  result  in  overtopping  of 
the  earth  dike. 

5.7  EVALUATION 

The  spillway  capacity  is  inadequate  for  the  peak  outflow  from  one-half 
the  PMF.  For  such  large  storm  events,  a  high  tailwater  condition  would 
most  likely  occur  resulting  in  the  flooding  of  the  downstream  hazard 
areas.  Hence,  the  spillway  capacity  is  not  considered  to  be  seriously 
inadequate  since  dam  failure  from  overtopping  (at  elevation  of  the  top 
of  earth  dike)  would  not  significantly  increase  the  hazard  to  loss  of 
life  downstream  from  that  which  would  exist  just  before  overtopping 
failure. 


J 
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SECTION  6:  STRUCTURAL  STABILITY 


6.1  EVALUATION  OF  STRUCTURAL  STABILITY 


a.  Visual  Observations 

No  direct  visual  observation  of  the  spillway  crest  was  possible  because 
of  submergence.  However,  no  significant  irregularities  in  the  water 
surface  profile  along  the  axis  of  the  crest  were  observed.  There  were 
no  indications  of  instability  at  the  navigation  Lock,  along  the  earth 
dike,  or  along  the  riverside  forebay  wall. 

b.  Design  and  Construction  Data 

Design  computations  or  other  data  for  the  structural  stability  of  the 
original  dam  or  as  it  existed  in  1912  were  not  available. 

c.  Data  Review  and  Stability  Evaluation 

The  NYS-DOT  plans  (included  in  Appendix  H)  show  a  cross-section  of  the 
spillway  portion  of  the  dam,  both  prior  to  1965  and  the  reconstructed 
portion  as  it  presently  exists.  A  stability  analysis  was  performed 
using  the  cross-section  information  shown  plus  certain  simplifying 
assumptions  made  in  the  analysis.  The  resistances  offered  by  the  toe 
and  the  apron  sections  were  calculated  and  converted  to  an  equivalent 
passive  resistance  acting  on  the  downstream  face  of  the  spillway  masonry 
section. 

Conditions  analyzed  were: 

1)  Normal  conditions  with  the  water  level  at  the  spillway 
crest  elevation. 

2)  Conditions  as  in  1)  plus  a  5000  lb/ft  ice  load. 

3)  Water  level  at  the  elevation  of  the  maximum  known  flood 
(82.8  -  BCD);  a  flow  depth  of  15.3  feet. 

4)  Water  level  at  the  elevation  of  one-half  PMF  (88.7  -  BCD); 
a  flow  depth  of  21.2  feet. 

The  safety  factors  for  overturning  and  sliding  obtained  from  the 
analyses  are: 


FACTORS  OF  SAFETY 

CONDITION  OVERTURNING  SLIDING 


1) 

Normal  water  level 

2.11 

2.19 

2) 

Ice  load  plus  1) 

1.45 

1.57 

3) 

Maximum  known  flood 

1.01 

1.03 

4) 

One-half  PMF 

0.92 

0.88 
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The  analyses  indicate  less  than  deslreable  factors  of  safety  for  normal 
water  level  conditions  and  a  critical  deficiency  for  the  occurrence  of 
a  large  storm  event.  The  PMF  storm  event  (flow  depth  of  29.4  feet) 
was  not  analyzed  because  of  the  results  obtained  during  the  one-half 
PMF  analysis.  The  dam  did  withstand  the  1913  storm  event  flows  although 
the  safety  factors  from  the  analysis  are  approximately  equal  to  1.00. 
Hence,  the  analysis  is  suspect  due  to  the  lack  of  more  detailed  infor¬ 
mation  necessary  to  perform  a  complete  in-depth  study. 

The  condition  of  and  the  manner  in  which  the  wrought-iron  framework  is 
connected  to  the  foundation  could  not  be  determined.  Therefore,  a 
structural  analysis  of  the  framework  was  not  done. 

d.  Post-Construction  Changes 

The  spillway  apron  portion  of  the  dam  was  reconstructed  in  1965  from 
a  timber  plank  surface  to  one  of  precast  reinforced  concrete  slabs.  In 
addition,  the  spillway  crest  was  replaced  with  a  broader  and  thicker 
reinforced  concrete  cap.  Detailed  plans  for  this  work  are  included  in 
Appendix  H. 

e.  Seismic  Stabiltiy 

This  dam  is  located  in  seismic  Zone  1.  A  seismic  stability  analysis 
is  not  warranted. 
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SECTION  7:  AS SESSMENT / RECOMMENDATIONS 


7.1  ASSESSMENT 


a.  Safety 

The  Phase  1  inspection  of  the  Lock  3  Dam  did  not  reveal  conditions 
which  constitute  an  immediate  hazard  to  human  life  or  property.  The 
spillway,  navigation  Lock  3,  earth  dike,  and  gatehouse-forebay  are  not 
considered  to  be  unstable. 


The  spillway,  not  having  sufficient  discharge  capacity  for 
passing  one-half  the  PMF,  is  considered  to  be  inadequate.  Dur¬ 
ing  periods  of  unusually  heavy  precipitation,  continuous  sur¬ 
veillance  should  be  provided  both  at  the  dam  and  in  the  downstream 
areas  to  warn  of  hazardous  flooding  conditions.  Such  surveil¬ 
lance  procedures  and  other  measures  should  be  documented  in  a 
detailed  emergency-operation  plan  for  the  dam.  Also,  a  warning 
system  should  be  developed  and  placed  in  readiness  for  future  use. 

b.  Adequacy  of  Information 

The  information  available  appears  to  be  adequate  for  the  Phase  1  inspection 
purposes  except  for  the  following: 

1)  The  physical  condition  of  the  wrought-iron  framework  supporting 
the  apron  slabs  and  the  concrete  surfaces  of  both  the  crest 
and  apron. 

2)  The  physical  condition  and  operational  status  of  the  forebay 
gates. 

c.  Urgency 

Those  deficiencies  within  the  zone  of  water  level  fluctuations  (below 
elevation  77.0  -  BCD)  should  be  corrected  prior  to  the  next  period  of 
anticipated  high  flows  (Spring  1980).  All  other  deficiencies  observed 
during  the  visual  inspection  can  be  corrected  during  normal  maintenance 
operations. 

d.  Necessity  for  Additional  Investigations 

Further  structural  analysis  of  the  wrought-iron  framework  and  a  more 
detailed  structural  stability  analysis  of  the  dam  to  include  the  foundation 
materials'  characteristics  is  recommended. 

Additional  investigations  are  also  warranted  to  determine  the  following: 

1)  The  physical  condition  of  the  wrought-iron  framework  supporting 
the  apron  slabs  and  the  concrete  surfaces  of  both  the  crest  and 
apron. 

2)  The  actual  method  of  anchorage  between  the  wrought-iron  framework 
and  the  underlying  foundation. 

3)  The  physical  condition  and  operational  status  of  the  forebav 
gates. 
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RECOMMENDED  MEASURES 

The  following  actions  should  be  undertaken: 

a)  Rehabilitate  all  deteriorated  and  cracked  concrete 
surfaces. 

b)  Remove  the  trees  and  brush  from  the  earth  dike  embankment. 

c)  Regrade  the  top  of  the  earth  dike  to  provide  a  level  embankment 
crest. 

d)  Perform  periodic  maintenance  of  the  dam  and  all  appurtenant 
structures. 

e)  Develop  and  implement  a  detailed  emergency-operation  plan 
and  warning  system. 

f)  As  a  result  of  the  completed  additional  investigations, 
remedial  measures  deemed  necessary  should  be  completed  within 
two  years  of  the  date  of  this  report. 


APPENDIX  A 


PHOTOGRAPHS 


CONCRETE  DETERIORATION  @  ABUTMENT 
OF  EARTH  DIKE  -  LOCK  3 


(DOWNSTREAM) 


(UPSTREAM) 


EARTH  DIKE 


GATEHOUSE  -  FOREBAY 
( LOOKING  UPSTREAM) 


OUTER  FOREBAY  WALL 
(GATEHOUSE  -  BACKGROUND  CENTER) 


APPENDIX  B 


ENGINEERING  DATA  CHECKLIST 


appendix  c 


VISUAL  INSPECTION  CHECKLIST 


1 


VISUAL  INSPECTION  CHECKLIST 


1)  Basic  Data 
a.  General 


Name  of  Dam  LOCK  3 
I.D.  #  My-  315 
Location:  Town  ScBASUT 


M&CUAMIO.MU 


County 


frSELAEft- 

AGATO^A 


Stream  Name  Hul?E»OM  ftlWE.R _ 

Tributary  of  M/A 

Longitude  (W) ,  Latitude  (N)  73°- 40  -A 

Hazard  Category  C _ 

Date(s)  of  Inspection  lo/ <36  /  78 _ 

Weather  Conditions  *5Q°F  OVERCAST 


b.  Inspection  Personnel  _0i 


i'-  SA  -43  M 


u).  bfKivc.» 


c.  Persons  Contacted  hWst 


U)ATHg.U)A^e>  SOfeOiNj.  -  n\au 


d.  History: 

Date  Constructed  [cRvG'MA 


>965 

,  otOL.'f  TO  °F  THE\ 

L  SPicuoA1^  CGE^T  ' 


Owner  Nk^b  -  POy  ^  **»-u*H  cRE*r  / 

DCSl9ner  HOPSO*  tWEA.  uJATtil-fC>U£in  «OBST  fOLf  A  PaPER.  CO. 

Constructed  by  lottAQtdALW  -  L  PaPeK  CortfA^y _ 1“" — -i  SOC.ceee>CR  m  T’T1^  T°  ) 


2)  Technical  Data 

Type  of  Dam  MA€ 

Drainage  Area  _ . 

Height  37* 

Upstream  Slope  _ 
EACTw  «ACkF»ll 


»9»3  -  MASOWty  uy-nrtfcQL  APBcS) 


Miu&e 


_ Length  700  (+) _ 

3H  Downstream  Slope  WA 

Precast  concrete  scpfcqED  &S  A 

IORCOCjHJ  KtoiJ  FRA*\Eu>ORk. 


3)  Embankment 


Abutments 


EAUTH  D*K.E.  -  EA-^T  CF  3 


(1)  Erosion  at  Embankment  and  Abutment  Contact  VIque. 


(2)  Seepage  along  Contact  of  Embankment  and  Abutment  KAOtdE 


(3)  Seepage  at  toe  or  along  downstream  face 


I.  Downstream  Area  -  below  embankment 


(1)  Subsidence,  Depressions,  etc.  igotdE 


(2)  Seepage,  unusual  growth  ^OME  4  u_'£EtyS 


(3)  Evidence  of  surface  movement  beyond  embankment  toe  mome. 


(4)  Miscellaneous 


4)  Instrumentation 


(I)  Monumentat ion/Surveys 


(2) 


Observation  Wei  Is 


(3)  Weirs  KiCVAE. 


(4)  Piezometers 


(5)  Other 


5)  Reservoir 

a.  Slopes  h/a 


APPENDIX  D 


HYDROLOGIC/HYDRAULIC 


ENGINEERING  DATA  AND  COMPUTATIONS 


Lock.  b  0am  <» 

*4&CHANIC>J»LLE 

CHECK  LIST  FOR  DAMS  1 

HYDROLOGIC  AND  HYDRAULIC 
ENGINEERING  DATA 


AREA -CAPACITY  DATA: 

CAmM-  DATflM  -  SCO 

Elevation  Surface  Area  Storage  Capacity 

(ft.)  (acres)  (acre-ft.) 


1)  Top  of  Dam  Q 

2)  Design  High  Water 

(Max.  Design  Pool)  MA 

3)  AmwAliaay  Gpillwy 

8mt  TDf  Of  LOCK  »  77.0 

4)  Pool  Level  with 

Flashboards  mA 

5)  Service  Spillway 

Crest  ( »7-5 


360 


<560 


g>7S5 


6685 


3430 


DISCHARGES 

Volume 

(cfs) 

1)  Average  Daily  MA _ 

2)  Spillway  @  Mn4w>  High  Water  TOP  op  LOCK  77  600 

3)  Spillway  @  Design  High  Water  MA _ 

4)  Spillway  (3  Auxiliary  Spillway  Crest  Elevation  MA _ 

5)  Low  Level  Outlet  MA _ 

6)  Total  (of  all  facilities)  @  Maximum  High  Water  13^  IQQ 

7)  Maximum  Known  Flood  >30,000 

13 

8)  H'fOftOELEC'fmC.  ‘oycpOM  EX^IMC,  MACHINE^  0U<^)  -  54  00  MIW) 

-  6043  (mail) 

~  5893 


z 


CREST: 


ELEVATION: 


Type: 

Width:  l 

Spi  I  lover 


Location 


Length:  TOO  (+) 


SPILLWAY: 


PRINCIPAL 


L.  CAP  CWBt 


x  (  iklCL .  APRCU J 


E 1 eva  t i on 


Width 


‘  APCotJ  SiAfo 
SptEAM  pace. 


EMERGENCY 


Type  of  Control 

_ Uncontrol  led  _ 

Control  led* 

^  Type 

(Flashboards;  gatel 

_  Number  _ 

_ W-ee/Length  _ 

Invert  Material  _ 

Anticipated  Length 
of  operating  service  _ 

_  Chute  Length  _ 

Height  Between  Spillway  Crest 
&  Approach  Channel  Invert 
(Weir  Flow) 


3 


OUTLET  STRUCTURES/6HiftSS»C¥  PMWBQWH  fM+t-WM; 

Type:  Gate  y/  Sluice  _  Conduit  _  Penstock 

ShaPe  :  _ U/WK^A-pOKl  LQCtC  3  _ 

Size:  _ 4<o  X  410* _ 

Elevations:  Entrance  U»ei«t  KlOkMAl  Pent  @  _ 

Exit  >«»•—  _ KACkMAU  TML^A-TER  O  4ft.O± _ 

Tai  trace  Channel:  Elevation  ^/a _ _ 

HYOROMETEROLOGICAL  GAGES: 

Type  :  ?1AfF  ^ATLft.-frTAfrE.  REfiftftflEft _ jL _ yAfF  qa^e-o  @  Lock. 

/  3 

Location:  QM  RT-  _ OP^TkEAM  op  PAM _ / _ UP^EAM  fc  On.  LtojgEAM 

Records:  / 

(o^«b)  /  (wvj’e-ooy) 

Date  ■  — i-Q/ 1  ft  ft  7 — 3E — 2/.I  256 _ _Z_ IQ/I3ib  TO  PRESEuy 

Max.  Reading  -  HEAP  *  11-67'  3/38/1313  /  uftat-.  73-4  1/1/134$  q^usococfs 

D»6CHAR.CjE  -  1*30,000  c^t>  /  CCuiMsjR:  6Q.7  ou  3/ij/l9S6 

FLOOO  WATER  CONTROL  SYSTEM:  ' 

Warning  System:  kAokiF _ _ _ 


Method  of  Controlled  Releases  (mechanisms): 
NOME _ 


4- 


DRAINAGE  AREA:  4500  ^  milp^. 


DRAINAGE  BASIN  RUNOFF  CHARACTERISTICS: 

Land  Use  -  Type: 

%  cp  AC  FA  in 

ADIRouOAOic  MoOkTrAiu  acfa. 

Terrain  -  Rel ief : 

CLEVA-noUS  /  +5344 

TO  1-70  (d>  PA  /4s) 

Surface  -  Soil: 

VARIES 

Runoff  Potential  (existing  or  planned  extensive  alterations  to  existing 
(surface  or  subsurface  conditions) 

-- N/A _ _ _ 


Potential  Sedimentation  problem  areas  (natural  or  man-made;  present  or  future) 
m/a  _ 


Po  ten  t  i  a  I  Backwater  problem  areas  for  levels  at  maximum  storage  capacity 
including  surcharge  storage: 


“A 


Dikes  -  Floodwalls  (overflow  6  non-overflow  )  -  Low  reaches  along  the 
Reservoir  perimeter: 

Location:  pOE  QF  emp  of  the, 

Elevation:  73 1 

Reservoir: 

Length  @  Maximum  Pool 


Length  of  Shoreline  (@  Spillway  Crest) 


3*  (Miles) 
_  (Miles) 
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NEW  YORK  STATE  DEPARTMENT  OF  ENVIRONMENTAL  CONSERVATION 


•  Morgan  Smith  fraction  value: 
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HOD:', ON  HIVKH  BASIN 


61.  Hudson  River  at  Mcchunlcvlllo,  N.  Y. 

Local  l  'i) . * -l.nt  42*M  1 4S" ,  l on*  73M0MS",  <’n  right  bunk  ut  d-im  -  f  West  Virginia  Pulp  k 
!  c.>.(  at  V.  .-hinlcvl  lie ,  ourat.gu  County.  thru’  ^uurtors  of  a  mile  upstream  from 

Anthony  Kill,  and  l)  miles  downstream  from  floosie  Klver. 

Drainage  arci.~-4.S00  sq  ml. 

ilago . "~Nater ~sta>Te  recorder.  Datum  of  gage  Is  Ci3 . 0.1  ft  above  mean  sea  level,  datum  of 

l'J2'd .  Prl  r  lo  1911,  staff  gage  at  same  site  and  datum. 

Average  dl  achityj.’ . --63  years  (1887-1950),  7,370  cl's,  revised  (unadjusted). 

Exlrc-e S.--1H87-1950:  Maximum  discharge,  120, 0C0  cfs  Mar.  28,  1913;  practically  no  flow 
V  odvrt  periods  when  plant  was  .shut  lown. 

M  .  \ •:  .um  ton  »m  dlschirge  prior  to  1913,  70,000  cfs  April,  1809  (Report  of  U.  S.  Board 
of  K*  -Ir.rers  on  Deep  Waterways). 

.'lt.ee  1930,  maximum  discharge,  118,000  cfs  Jan.  I,  1949. 

-.'halve  c.vputcd  from  flow  over  spillway,  l  hr.  ugh  wheels,  and  through  lock  of 
,  ,  lair.  u,'i ;  sir  e  .V ,  K  w  t;  }  r«  da  My  regtlat.-l  ty  Ir.lla.a  t.ake  since 

>  o.  ;:•)  .  and  5 teat  d.i,*»  K  rv  Ir  .  1  ce  M..r.  IV.  ( see  ;  .  62) .  During 

.  *j..i ;  navi  l  .  :<  ...  niter  Is  divert- 1  •.  r.  iy.  Gl«  Falls  |V»  let*.  B<  i.d  Creek  (see 

,  .  t-t: .  ).  ,--d  Ou-i  '.t'.i  Coil  In*,  i  Cha—  ...In  til  o.  i  •  -v  •.  1  illy  may  re- 

••  .  wati  •  .  ;  i  •  r  igi  .  .  .  •  level  of  G  .  ,  .  anal  • 1  ;  trtham  bits \ a . 

N  adjust meM  ’  •  de  s'*  i*  t  .«  se  diversions. 

CrU'Jl'o;  . --Records  f  discharge  over  spillway  and  through  wheels  furnished  by  West 
Virginia  Pulp  *  Paper  Co. 


Monthly  and  yearly  mean  discharge.  In  cubic  feet  per  second 
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,  of  Hudson  River  At  Nechanlcvllle, 


aest  Virginia  Pulp  * 
f  a  alls  upatrvum  from 


k:.  sea  level,  datum  of 

«!,'  xated) . 

.  •• .  •  !  i!ly  !!•’  flow 
♦  ll**,  rt  o'.  V.  i».  board 


els,  and  thr 'u«h  lock  of 
.1  by  Indian  Lake  since 
Ur»'  P.  62).  During 
5  fi*  hr,  b> \1  Crock  Isro 
*:  1  .  ccaaloral  iy  may  ro- 
v'ar.ul  at  Dunham  basin. 


-••la  furnished  by  Heat 


Mater 

jrear 

cv-i . 

Nov. 

Dae . 

Jan . 

Peb. 

Har . 

Apr . 

Hay 

June 

July 

Au«.  j Sept . 

Tin*  year 

194 1 

5,  H 

6 ,  04  6 

8.01.' 

6.0  •• 

•  .18’ 

S  ,  'OS 

10,4'' 

3 ,  033 

'.009 

ID'S- 

1,604  '  .  1  i'9 

4,898 

194  0 

?,'•! 

4.  •  • 

4.  " 

1  .1  '4 

'  .  067 

ft  .  •  4  ' 

; ' . :  i 

,  •  ' 

7,387 

\  tor 

4  .4 

5,616 

194  3 

6,SSt 

6.9  *« 

1  ,  '  ft  ' 

1'.  •  -0 

.  '4  ' 

01 ,e80 

\**V 

4.-  4 

'  .'•4 

8 . 990 

1944 

>,•  « 

1  .  '  '4 

i.-U 

3,.  or 

■'.a?? 

8. ‘.*.9 

1  \  4  <0 

>.4  4 

'.4  V 

4 ,31  ' 

'. leu  |  3,3  ’  7 

6,413 

194!* 

4 ,  30.’ 

4 .  ra> 

5,si:> 

»■ . !  1  «• 

3.330 

18.1  !>0 

ll.  '40 

1  ’.69  ' 

8.  90 

’■444 

4.  4  ,&M 

8,113 

1946 

13,84 

8.6  78 

8,141 

4 

lb. 180 

8.4.V' 
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3.831 

Mil  '.'88 

e.  no 

1  q4  ’ 
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4 .49  * 
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1 .  ll 
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. 

.  4  1 

*: 

'  •  ' 

Monthly 

and  yearly  run 

*rr.  in 

Inc hr* 

Matev 

jear 

Oct  . 

Nov. 

Pec. 

Jan . 

Prb. 

Mar. 

Apr. 
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June 

July 

A**8- 

Sept  . 

The  year 

188i- 

0*1 

.  .'4 

r ,  os 

16  0 

'  69 

1  •' 
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3.4ft 
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ri.47 
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.9** 
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44 
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In  report*  of  State  engineer  ami 


a  Ha* t mum  peak  .11  ech.irge 


OA-,7  ,4,70,  NEW  YORK  STATE  DEPARTMENT  OP  ENVIRONMENTAL  CONSERVATION 

PROJECT  GRID 


Yearly  dls.-har**,  lit  oul-to  fee*  prr  >■•  ‘•>.1.  of  H  .J-.ort  River  at  MecMnlrvll_l_e,  Y.  Y.  ‘‘Otit  Inued _ 


Water  year  •nltn*  :.*pt.  30 
i  i  l 

Hoi**ntary  »atl*ui*  :  Mlnl*\<r  ,  M  j 


iltndtr  year 
|  Runoff 


\*. '00  M«r .  19,  1956  1,500  7,  *VJ  1.7?  73.46  7,1 11  73.31 

,1,1V  H ty  16,  195T  1 ,  TgO  T.B89  1 .  **»  73.00  ?,M9  73.30 

i.s.t-vV  Sept  1938  1 , 6 ’0  Y.iVS  1.56  71  1*  r,4?3 

33.800  Apr.  •9.  1959  1,060  T.319  1.6'  ??.’l  6,784  16.9' 

40.100  Mnr,  31,  1940  1.570  6,787  1  40  19.01  ',06?  ?1.3» 

r.'.iOO  p*e  .  31,  1940  696  4.  *98  1.09  14  V*  4,?'4  IT  90 

7’, 100  Apr  8.  194.'  643  5. 616  1  .  ?b  I"  1"  6,10b  *0.74 

.33,100  Hay  1'.  1943  *,050  6,890  1.96  76.60  M.l'l  74. <4 

.3 .’.800  Apr  «•.  1944  1,060  6.413  l  43  19.41  6,146  18.60 

37,600  Mar  7.*,  1945  1,1*0  8,113  1.80  74.46  10,040  30.76 

31.500  Mar  9,*Y«4«5  1,070  8,710  1.8?  74.  'b  6,448  19  44 

4.. *00  June  4.  1 94 1  1,070  9,14b  7.0.3  7?  8.976  76.60 

4  .100  M »r .  1946  77*  •.  *■  1.33  18. HM  6,686  70.77 

>4.4  ‘  Or.-  31.  1948  66  6  *.<■'  1.4"  .0.0'  6,634  70.01 

.  :  •  '  .  t  ' .  '  4  1.58  ’■  '  '  _ 

>  f  U  IV »  ,>f  '.!■>  v.ar.-e  icr  s ;  .ar--  -nl'.e  vid  r.-  'fl.  In  alr  -e  October  1898, 

2  •  a.trer- aupply  paperi*.  rw;*  t-r  In  considerable  err  r  because  of  diver* 

•  ,  v  ,p.  -  i»  1;  *.i ait  «’-«  5 1  ’  ••  ■••*.  .v  1  1 r  '.t.  ii  UM  Hrs.  r\  -lr  since 

i  :.'j|-»4  trc  !..>•  i  . '.sited  f.ervlr 


62.  Black  River  Canal  (flowing  south)  near  Boonvllle,  N.  y. 

L  -all  ;..S-Lti  43*27' 20"  ,  long  75*  19' 85",  gage  1  n  left  bank  at  look  69,  2  mtlea  south 
t'  9  nv  ,  Oneida  Co-city ,  and  gage  2  rlc  :t  f  j  :k  f  1  anslngk  11 apll lway,  ICO  ft 
d.*:. si  ream  from  spillway  headgutos ,  600  ft  .ij.trr.  -  from  lock  70.  and  half  a  mile  up¬ 
stream  from  lock  69. 

Qi-y . --Tw,'  water-stage  recorders  and  concrete  centre  Is.  Da t ran  of  gage  l  is  1,105.56  ft 
03  vo  non:.  .1.1  level ,  datum  of  1929.  lr’.«r  t  .'no  7,  1929,  station  was  operated  as 
a  slope  st  it  Ion  ‘’ii  summit  level  of  canal.  September  1915  to  September  1942  station 
was  operated  only  during  canal  season. 

pAtretnes.--l9l5-.-Q:  Maximum  dally  discharge  recorded,  323  cfs  Nov.  30,  1915;  practically 
iio  fU  it  times  w'.en  no  water  la  being  diverted. 

ReffSj’k -  -Record.,  include  combined  flow  at  .  »ges  1  ml  2  and  represents  total  diversion 
t.  '3..i.-w  Hlvor  at  F  -rest port  .  thr-  ugh  F  'ref  pert  :*••••  icr.  tnt  Delta  K<  orvotr  In 
y  M-,g  !  i;t:’, .  Discharge  during  periods  w.on  ..  *  »tcr  wis  1 1 verted  U  made  up  of  leak* 
.».-*•  thr»  .»J.  niadg.it t'j  and  runoff  frot  area  draining  1m •>  mil  above  station. 


63.  Delta  Rc 

iatfaUMU*  —tat  43*16'20",  long  ?ST2 
Mohawk  River  4  miles  upstream  froc 


l 4b  sq  ml . 


G  igf -Staff  gage,  ftitum  of  gage 


Hemn'ks.--D>m  completed  Aug.  3,  19'.', 
able  began  May  I,  1916.  .* 

2 ,800 ,000  cu  ft.  Reservoir  l»  * 


Coot  era t  i  ’ll-  "  -Records  not  rrev  1  eua  i  v 
State  Department  of  tubllc  Works. 


6*1,  Mohawk  Rive 

i-  o  .AUil.  *“lat  43*1.s'5um.  1  rg  75* 

.  t»e  d>  Kftst  ream  fr.  r.  Dp,*,  a  D.. • 

Drainage  area . -“150  sq  ml. 

G  s.  .  --w  it  r-s'.  age  recvrdi  r,  Dat  . 
datum).  Prior  to  Jan.  24,  .937. 

A.*' S'  '-S’.  iV-.v i .aJ'/lv  .-"29  .  *  »*•  •  9 


Re-at  k. .  -  -D  i'  ti'.c  canal  ta.-Vv 
F,  tv  at »  rt  feeder  an  i  '3.  .  . 
t  loll  l  .0  p.  K  ■  - 

stall  "•)  .  Small  quan'lty 
and  later  returned  '  rl.. 


Rlv 

■  ^  u  • 


C'  a' tji.  -Keconls  f  r  ••  .S’, 
nl idled  by  State  engineer  »•  1  s  v 


GA-17  (4/70) 


"ewyork  state  department  of 


ENVIRONMENTAL conservai 


HUDSON  RIVER  BASIN 


3355.  Hudson  River  at  Nechanlcvllle,  N .  Y 


73#4J'4SM,  on  Pi^ht  bank  at  Jaw  of  w«-st  Virginia  Pulp 
.'»ritoga  County,  three-quarters  of  a  rile  upstreaa  : 
lownstrcam  from  Hooslc  River. 


:at Ion. --Lat  4: 
4  rarer  Co.,  a' 
Anthony  Kill 


:hrwe-quarters  of  i  mile  dewt 
*  village  of  E*gle  bridge. 


ieCQPds  aval  1  able.— October  1937  to  September  1956. 

i^go.— Water-Stage  recorder.  Datum  of  gage  Is  66.63  ft  above  meqn  sea  level,  datia  of 
1929.  Trior  to  1911,  staff  gage  at  same  site  and  datum. 

iverage  dlsor  a:ve.--t:9  years  (1867*1956),  7,431  cfs  (unadjusted). 

Ixtremea.— 1887-1  956 :  Maximum  discharge,  120, COO  cfs  Mar.  28.  1913;  practically  no  flow 
Tor  short  periods  when  plant  was  shut  .loan 

Maximum  known  discharge  prior  :o  1913,  *0,003  cfs  April  1869  ireport  of  U.S.  hoard 
of  Engineers  or  . eep  a  a  tenia  vs  I. 

Since  1930,  maximum  discharge,  118,200  cfs  Jar..  1,  1949. 

lemarks . — Plscharge  computed  fro*  flow  over  spillway,  through  wheels  and  through  Jock  of 
Champlain  i Barge)  Canal  since  f«-pt .  ;»J,  1916.  .‘•low  appreciably  regulated  by  Indian 
Lake  since  1998  and  facand  iga  Reservoir  since  Mar.  2?.  1930.  Siring  canal  navigation 
season,  water  Is  diverted  tnrough  Glens  Kalis  feeder,  Pond  Creek, and  Champlain  i  barge! 
Canal  into  Lake  Champlain  basin  and  occasionally  may  receive  water  from,  that  basin 
through  summit  level  of  Champlain  .barge'  Canal' at  Dunham  Basin.  No  adjustment  made 
for  these  diversions.  Records  of  water  temperatures  for  the  period  October  1954  to 
September  1960^  are  published  in  reports  of  the  Geological  Survey. 

looperat ion. --Records  of  discharge  over  spillway  and  through  wheels  furnished  by  West 
virgin  Ta  Pulp  k  Paper  Co. 


•23  to  September  1960. 

ft  above  mean  se  i  level,  dat-m  of 
1923.  to  July  IS,  1936,  water¬ 
's  at  different  data*. 


*0  cfs  Bee.  31.  1948  (gage  height. 

:  rating  curve  extended  above  13. .  .\ 
contracted-opening  measurements  at 
>t.  14.  1913.  min tnum  dally,  30  cfs 


Mused  by  powerplunts  above  station 


•able  feet  per  second 


Monthly  end  yearly  ween  J lechers*.  in  cubic  feet  per  second 


Calender  year 
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Water  rights  to  utility 


3 19/79 


By  RICHARD  BANTTARl 
Staff  Writer 

MECHANIC VII  l.E  —  The  water  rights  of  the  former 
Saratoga  Beard  V... Is  Corporation,  described  by  a  study  of  the 
New  York  State  Army  Engineers  as  one  of  the  10  most 
desirable  sources  of  low  ■  cost  energy  m  the  United  States,  will 
be  sold  to  the  New  York  State  Electric  it  (las  Corporation. 

Robert  Lockwood,  counsel  for  the  City  National  Bank  of 
Detroit  which  own-  the  paper  null  property,  said  from  Detroit 
Thursday,  that  the  bank  has  signed  a  "tentative  agreement" 
With  NYSE&cl.  According  to  Lockwood,  the  utility  will  pay 
“less  than”  $2.1  million  for  the  rights. 


appeared  to  include  contingencies. 

"Were  not  in  the  paper  business,"  I /irk  wood  said,  referring 
to  the  bank  s  willingness  to  sell  otf  the  null  property.  He  said 
he  is  tentatively  scheduled  to  bo  in  Mcchamcvillc  Thursday 
and  said  the  bank  is  "still  open"  to  any  olfers  from  local 
concerns. 


Neither  I/xkuood  nor  Daniel  Collins,  Berkshire  District 
Area  manager  for  NYSE&G.  would  elaborate  on  the  sale.  It 
was  not  known  if  the  purchase  by  the  utility  would  Involve  the 
Mill's  defunct  hydroiectric  plant  which  includes  25  -  cycle 
regenerative  equipment. 

Collins  said  the  utility  would  issue  a  press  release  sometime 
today  or  Saturday. 

Lockwood  said  one  of  the  officers  for  NYSE&KT.  Larry 
Sweefiand,  an  industrial  development  manager  based  in 
corporate  headquarters  ai  Binghamton,  has  been  handling 
negotiations  with  the  bank  since  City  National  successfully  bid 
$2,000,001  for  the  null  property  Feb.  l'.». 

A  spokesman  for  NYSEAG  in  Binghamton  said  Sweetland 
was  unavailable  for  comment  because  he  was  on  a  Buffalo 
business  trip. 

NYSE&G  originally  filed  a  letter  of  intent  nearly  two  years 
for  the  purchase  of  the  mill's  water  rights  to  former  Saratoga 
Board  Mills  Corporation  President  Hy  Sweet.  According  to  a 
Nov.  29  referee  s  report  filed  by  foreclosure  attorney  Pat 
Keniry.  the  utility  was  interested  in  purchasing  approximately 
1.2  acres  of  mill  land  together  with  certain  easements  and 
water  rights. 

Keniry 's  report  listed  the  NYSE&l  offer  at  $2,075,000. 

Lockwood  said  ttie  bank  was  awaiting  finalisation  from  the 
utility  for  flic  offer.  Asked  when  (lie  sale  would  be  made,  the 
attorney  could  offer  no  date.  "We  re  ready."  he  said. 

The  Detroit  lawyer  said  the  bank  has  received  at  least  three 
or  four  offers  for  the  v  ater  rights  since  NYSH&G  and  the  bank 
began  to  negotiate  Some  o;  the  offers,  he  said  were  as  high  as 
$3  and  $1  nuilion.  But.  Ixiekwood  said,  the  additional  olfers 
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INPUT  TO  STABILITY  ANALYSIS  PROGRAM 


INPUT  ENTRY  PROGRAM  No. 


Unit  Weight  of  Dam  (K/ft3)  0 

Area  of  Segment  No.  1  (ft3)  1 

Distance  from  Center  of  Gravity  2 

of  Segment  No.  1  to  Downstream 
Toe  (ft) 

Area  of  Segment  No.  2  (ft2)  3 

Distance  from  Center  of  Gravity  4 

of  Segment  No.  2  to  Downstream 
Toe  (ft) 

Area  of  Segment  No.  3  (ft3)  5 

Distance  from  Center  of  Gravity  6 

of  Segment  No.  3  to  Downstream 
Tow  (ft) 

Base  Width  of  Dam  (Total)  (ft)  7 

Height  of  Dam  (ft)  8 

Ice  Loading  (K/L  ft.)  9 

Coefficient  of  Sliding  10 

Unit  Weight  of  Soil  (K/ft3)  11 

Active  Soil  Coefficient  -  Ka  12 

Passive  Soil  Coefficient  -  Kp  13 

Height  of  Water  over  14 

Top  of  Dam  or  Spillway  (ft) 

Height  of  Soil  for  Active  Pressure  (ft)  15 

Height  of  Soil  for  Passive  Pressure  (ft)  16 

Height  of  Water  in  Tailrace  Channel  (ft)  17 

Weight  of  Water  (K/ft3)  18 

Area  of  Segment  No.  4  (ft^)  19 

Distance  from  Center  of  Gravity  of 

Segment  No.  4  to  Downstream  Toe  (ft)  20 


Height  of  Ice  Load  or  Active  Water  (ft) 
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Normal 

Conditions 

Ice  Load 

of 

5000  psf 

0.  15 

RCL 

0. 

"CL 

1 

i 

76.  5 

76.  5 

7b.  5 

r  CL 

"0.  5 

RCL 

2 

2 

1 2. 

12. 

12. 

RCL 

1 2. 

RCL 

3 

34.  8 

84.  3 

34.  S 

RCL 

34.  8 

RCL 

4 

4 

6.  8 

c«.  8 

b.  8 

RCL 

6.  8 

RCL 

5 

Cj 

36.  5 

33.  5 

36.  5 

RCL 

3b.  5 

RCL 

6 

c 

3.  4 

3.  4 

3.  4 

RCL 

3.  4 

RCL 

7 

7 

18. 

1 8. 

1 8. 

RCL 

1 3. 

RCL 

b 

8 

18.  75 

13.  *’5 

18.  75 

RCL 

1 3 .  7  5 

RCL 

s 

•  9 

Cj 

0. 

5! 

RCL 

0. 

RCL 

10 

10 

0.  b 

0.  b 

0.  & 

RCL 

.  0.  b 

RCL 

11 

4  4 

0.  055 

0.  0 55 

0.  055 

RCL 

0.  055 

RCL 

12 

12 

0.  3 

0.  3 

0.  3 

RCL 

0.  3 

RCL 

1 3 

13 

0.  38 

0.  33 

0.  38 

RCL 

0.  38 

RCL 

14 

14 

0. 

0. 

0. 

RCL 

0. 

RCL 

15 

15 

14.  8 

14.  8 

14.  8 

RCL 

1  4.  8 

RCL 

1 6 

16 

37.  5 

•!  7  5 

‘  •; cj 

RCL 

-r>  cj 

RCL 

17 

17 

0. 

0. 

0. 

RCL 

o. 

RCL 

18 

18 

0. 0624 

0. 0624 

0. 0624 

RCL 

0. 0024 

RCL 

19 

19 

19.  6 

19.  -6 

1 9.'  6 

RCL 

19.  6 

RCL 

20 

20 

1.  5 

l.  5 

1.  5 

RCL 

i  Cj 

ROL 

46 

46  IS.  75 

IS.  75 
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Reclamation  and  Soil  Conservation  Service.  Many  other  agencies,  educa¬ 
tional  facilities  and  private  consultants  can  also  provide  expert  advice. 
Regardless  of  where  such  expertise  is  based,  the  qualification  of  those 
individuals  offering  to  provide  it  should  be  carefully  examined  and 
evaluated. 

4.3.4.  Freeboard  Allowances.  Guidelines  on  specific  minimum  freeboard 
allowances  are  not  considered  appropriate  because  of  the  many  factors 
involved  in  such  determinations.  The  investigator  will  have  to  assess 
the  critical  parameters  for  each  project  and  develop  its  minimum  require¬ 
ment.  Many  projects  are  reasonably  safe  without  freeboard  allowance 
because  they  are  designed  for  overtopping,  or  other  factors  minimize 
possible  overtopping.  Conversely,  freeboard  allowances  of  several  feet 
may  be  necessary  to  provide  a  safe  condition.  Parameters  that  should  be 
considered  include  the  duration  of  high  water  levels  in  the  reservoir 
during  the  design  flood;  the  effective  wind  fetch  and  reservoir  depth 
available  to  support  wave  generation;  the  probability  of  high  wind  speed 
occurring  from  a  critical  direction;  the  potential  wave  runup  on  the  dam 
based  on  roughness  and  slope;  and  the  ability  of  the  dam  to  resist 
erosion  from  overtopping  waves. 

4.4.  Stability  Investigations.  The  Phase  II  stability  investigations 
should  be  compatible  with  the  guidelines  of  this  paragraph. 

4.4.1.  Foundation  and  Material  Investigations.  The  scope  of  the  foundation 
and  materials  investigation  should  be  limited  to  obtaining  the  information 
required  to  analyze  the  structural  stability  and  to  investigate  any 
suspected  condition  which  would  adversely  affect  the  safety  of  the  dam. 

Such  investigations  may  include  borings  to  obtain  concrete,  embankment, 
soil  foundation,  and  bedrock  samples;  testing  specimens  from  these  samples 
to  determine  the  strength  and  elastic  parameters  of  the  materials,  including 
the  soft  seams,  joints,  fault  gouge  and  expansive  clays  or  other  critical 
materials  in  the  foundation;  determining  the  character  of  the  bedrock 
including  joints,  bedding  planes,  fractures,  faults,  voids  and  caverns, 

and  other  geological  irregularities;  and  installing  instruments  for 
determining  movements,  strains,  suspected  excessive  internal  seepage 
pressures,  seepage  gradients  and  uplift  forces.  Special  investigations 
may  be  necessary  where  suspect  rock  types  such  as  limestone,  gypsum, 
salt,  basalt,  clavstone,  shales  or  others  are  involved  in  foundations  or 
abutments  in  order  to  determine  the  extent  of  cavities,  piping  or  other 
deficiencies  in  the  rock  foundation.  A  concrete  core  drilling  program 
should  be  undertaken  only  when  the  existence  of  significant  structural 
cracks  is  suspected  or  the  general  qualitative  condition  of  the  concrete 
is  in  doubt.  The  tests  of  materials  will  be  necessary  only  where  such 
data  are  lacking  or  are  outdated. 

4.4.2.  Stability  Assessment.  Stability  assessments  should  utilize  in 
situ  properties  of  the  structure  and  its  foundation  and  pertinent  geologic 
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Information.  Geologic  information  that  should  be  considered  includes 
groundwater  and  seepage  conditions;  lithology,  stratigraphy,  and  geologic 
details  disclosed  by  borings,  "as-built"  records,  and  geologic  interpre¬ 
tation;  maximum  past  overburden  at  site  as  deduced  from  geologic  evidence: 
bedding,  folding  and  faulting;  joints  and  joint  systems;  weathering;  ; 

slickcnsides ,  and  field  evidence  relating  to  slides,  faults,  movements 
and  earthquake  activitv.  Foundations  may  present  problems  where  they 
contain  adversely  oriented  Joints,  slickensidcs  or  fissured  material, 
faults,  seams  of  soft  materials,  or  weak  layers.  Such  defects  and  excess 
pore  water  pressures  mav  contribute  to  instability.  Special  tests  may 
be  necessary  to  determine  physical  properties  of  particular  materials. 

The  results  of  stability  analyses  afford  a  means  of  evaluating  the 
structure's  existing  resistance  to  failure  and  also  the  effects  of  any 
proposed  modifications.  Results  of  stability  analyses  should  be  reviewed 
for  compatibility  with  performance  experience  when  possible. 

4.4.2. 1.  Seismic  Stability.  The  inertial  forces  for  use  in  the  conven¬ 
tional  equivalent  static_ force  method  of  analysis  should  be  obtained  by 
multiplying  the  weight  by  the  seismic  coefficient  and  should  be  applied 
*jj_a  horizontal  force  at  the  center  of  gravity  of  the  section  or  element. 

The  seismic  coefficients  suggested  for  use  with  such  analyses  are  listed 
in  Figures  1  through  4.  Seismic  stability  investigations  for  all  high 
hazard  category  dams  located  in  Seismic  Zone  4  and  high  hazard  dams  of 
the  hydraulic  fill  type  in  Zone  3  should  include  suitable  dynamic  pro¬ 
cedures  and  analyses.  Dynamic  analyses  for  other  dams  and  higher  seismic 
coefficients  are  appropriate  if  in  the  judgment  of  the  investigating 
engineer  thev  are  warranted  because  of  proximity  to  active  faults  or 
other  reasons.  Seismic  stability  investigations  should  utilize  "state- 
of-the-art"  procedures  involving  soismologiea l  and  geological  studies  to 
establish  earthquake  parameters  for  use  in  dynamic  stability  analyses 
and,  where  appropriate,  the  dynamic  testing  of  materials.  Stability 
analyses  may  be  based  upon  either  time-historv  or  response  spectra  tech¬ 
niques.  The  results  of  dynamic  analyses  should  bo  assessed  on  the  basis 
of  whether  or  not  the  dam  would  have  sufficient  residual  integrity  to 
retain  the  reservoir  during  and  after  the  greatest  or  most  adverse 
earthquake  which  might  occur  near  the  project  location. 

4. 4. 2. 2.  Clav  Shale  Foundation.  Clay  shale  is  a  highly  overconsol ida ted 
sedimentary  rock  comprised  predominantly  of  clay  minerals,  with  little 

or  no  cementation.  Foundations  of  clay  shales  require  special  measures 
in  stability  Investigations.  Clav  shales,  particularly  those  containing 
nontmori 1  Ionite ,  mav  bo  highly  susceptible  to  expansion  and  consequent 
loss  of  strength  upon  unloading.  The  shear  strength  and  the  resistance 
to  deformation  of  clav  shales  may  bo  quite  low  and  high  pore  water  pres¬ 
sures  may  develop  under  increase  in  load.  The  presence  of  slickensidcs 
in  clay  shales  is  usually  an  indication  of  low  shear  stength.  Prediction 
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of  field  behavior  of  clay  shales  should  not  be  based  solely  on  results  of 
conventional  laboratory  tests  since  they  may  be  misleading.  The  use  of 
peak  shear  strengths  for  clay  shales  in  stability  analyses  may  be  uncon¬ 
servative  because  of  nonuniform  stress  distribution  and  possible  progres¬ 
sive  failures.  Thus  the  available  shear  resistance  may  be  less  than  if 
the  peak  shear  strength  were  mobilized  simultaneously  along  the  entire 
failure  surface.  In  such  cases,  either  greater  safety  factors  or  residual 
shear  strength  should  be  used. 

4.4.3.  Embankment  Dams. 


4. 4. 3.1.  Liquefaction.  The  phenomenon  of  liquefaction  of  loose, 
saturated  sands  and  silts  may  occur  when  such  materials  are  subjected 
to  shear  deformation  or  earthquake  shocks.  The  possibility  of  lique¬ 
faction  must  presently  be  evaluated  on  the  basis  of  empirical  knowledge 
supplemented  by  special  laboratory  tests  and  engineering  judgment.  The 
possibility  of  liquefaction  in  sands  diminishes  as  the  relative  density 
increases  above  approximately  70  percent.  Hydraulic  fill  dams  in 
Seismic  Zones  3  and  4  should  receive  particular  attention  since  such 
dams  are  susceptible  to  liquefaction  under  earthquake  shocks. 

4.4. 3. 2.  Shear  Failure.  Shear  failure  is  one  in  which  a  portion  of  an 
embankment  or  of  an  embankment  and  foundation  moves  by  sliding  or  rotating 
relative  to  the  remainder  of  the  mass.  It  is  conventionally  represented 
as  occurring  along  a  surface  and  is  so  assumed  in  stability  analyses, 
although  shearing  may  occur  in  a  zone  of  substantial  thickness.  The 
circular  arc  or  the  sliding  wedge  method  of  analyzing  stability,  as  per¬ 
tinent,  should  be  used.  The  circular  arc  method  is  generally  applicable 
to  essentially  homogeneous  embankments  and  to  soil  foundations  consisting 
of  thick  deposits  of  fine-grained  soil  containing  no  layers  significantly 
weaker  than  ocher  strata  in  the  foundation.  The  wedge  method  is  generally 
applicable  to  rockfill  dams  and  to  earth  dams  on  foundations  containing 
weak  layers.  Other  methods  of  analysis  such  as  those  employing  complex 
shear  surfaces  may  be  appropriate  depending  on  the  soil  and  rock  in  the 
dam  and  foundation.  Such  methods  should  be  in  reputable  usage  in  the 
engineering  profession. 

4.4. 3. 3.  Loading  Conditions.  The  loading  conditions  for  which  the  embank¬ 
ment  structures  should  be  investigated  are  (I)  Sudden  drawdown  from  spill¬ 
way  crest  elevation  or  top  of  gates,  (II)  Partial  pool,  (III)  Steady 
state  seepage  from  spillway  crest  elevation  or  top  of  gate  elevation, 

and  (IV)  Earthquake.  Cases  I  and  II  apply  to  upstream  slopes  only; 

Case  III  applies  to  downstream  slopes;  and  Case  IV  applies  to  both  up¬ 
stream  and  downstream  slopes.  A  summary  of  suggested  strengths  and 
safety  factors  are  shown  in  Table  4. 
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4.4. 3.6.  Seepage  Analyses.  Review  and  modifications  to  original 
seepage  design  analyses  should  consider  conditions  observed  in  the 
field  inspection  and  piezometer  instrumentation.  A  seepage  analysis 
Should  consider  the  permeability  ratios  resulting  from  natural  deposi¬ 
tion  and  from  compaction  placement  of  materials  with  appropriate 
variation  between  horizontal  and  vertical  permeability.  An  under¬ 
seepage  analysis  of  the  embankment  should  provide  a  critical  gradient 
factor  of  safety  for  the  maximum  head  condition  of  not  less  than  1.5 
In  the  area  downstream  of  the  embankment. 


F.S  -  ic/i 


Hc/Db  -  Dh  (Yra  -Yw) 
H/i)b  H  Y„ 


(2) 
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H 

He 

*>b 

Yn 

Yv 


Critical  gradient 
Design  gradient 

Uplift  head  at  downstream  toe  of  dam  measured  above 
tailwater 

The  critical  uplift 

The  thickness  of  the  top  impervious  blanket  at  Che 
downstream  toe  of  the  dam 

The  estimated  saturated  unit  weight  of  the  macerial  in  che 
top  impervious  blanket 

The  uni;  weight  of  water 


Where  a  factor  of  safety  less  than  1.5  is  obtained  che  provision  of  an 
underseepage  control  svstam  is  indicated.  The  factor  of  safe tv  of  1.3 
is  a  recommended  minimum  and  mav  be  adjusted  bv  che  responsible  engineer 
based  on  the  competence  of  che  engineering  data. 


4.4.4.  Concrete  Dams  and  Appurtenant  3 tructuras . 

4.4.4. 1.  Requirements  for  Stability.  Concrete  dams  and  structures 
appurtenant  to  embankmenc  dams  should  be  capable  of  resisting  over¬ 
turning,  sliding  and  overstressing  with  adequate  factors  of  safatv  for 
normal  and  maximum  loading  conditions . 
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4. 4. 4. 2.  Loads .  Loadings  co  be  considered  in  stability  analyses  include 
the  water  load  on  the  upstream  face  of  the  dam;  the  weight  of  the  struc¬ 
ture;  internal  hydrostatic  pressures  (uplift)  within  the  body  of  the 
dam,  at  the  base  of  the  dam  and  within  the  foundation;  earth  and  silt 
loads;  ice  pressure,  seismic  and  thermal  loads,  and  other  loads  as 
applicable.  Where  tailwater  or  backwater  exists  on  the  downstream  side 
of  the  structure  it  should  be  considered,  and  assumed  uplift  pressures 
should  be  compatible  with  drainage  provisions  and  uplift  measurements  if 
available.  Where  applicable,  ice  pressure  should  be  applied  to  the 
contact  surface  of  the  structure  at  normal  pool  elevation.  A  unit  pres¬ 
sure  of  not  more  than  5,000  pounds  per  square  foot  should  be  used. 

Normally,  ice  thickness  should  not  be  assumed  greater  than  two  feet. 

Earthquake  forces  should  consist  of  the  inertial  forces  due  to  the 
horizontal  acceleration  of  the  dam  itself  and  hydrodynamic  forces 
resulting  from  the  reaction  of  the  reservoir  water  against  the  structure. 
Dynamic  water  pressures  for  use  in  conventional  methods  of  analysis  may 
be  computed  by  means  of  the  "Westergaard  Formula"  using  the  parabolic 
approximation  (H.M.  Westergaard,  "Water  Pressures  on  Dams  During  Earth¬ 
quakes,"  Trans.,  ASCE,  Vol  98,  1933,  pages  418-433),  or  similar  method. 

4.4.4. 3.  Stresses .  The  analysis  of  concrete  stresses  should  be  based  on 
in  situ  properties  of  the  concrete  and  foundation.  Computed  maximum  com¬ 
pressive  stresses  for  normal  operating  conditions  in  the  order  of  1/3 

or  less  of  in  situ  strengths  should  be  satisfactory.  Tensile  stresses 
in  unreinforced  concrete  should  be  acceptable  only  in  locations  where 
cracks  will  not  adversely  affect  the  overall  performance  and  stability 
of  the  structure.  Foundation  stresses  should  be  such  as  to  provide 
adequate  safety  against  failure  of  the  foundation  material  under  all 
loading  conditions. 

4. 4. 4. 4.  Overturning.  A  gravity  structure  should  be  capable  of  resisting 
all  overturning  forces.  It  can  be  considered  safe  against  overturning 

if  the  resultant  of  all  combinations  of  horizontal  and  vertical  forces, 
excluding  earthquake  forces,  acting  above  any  horizontal  plane  through 
the  structure  or  at  its  base  is  located  within  the  middle  third  of  the 
section.  When  earthquake  is  included  the  resultant  should  fall  within 
the  limits  of  the  plane  or  base,  and  foundation  pressures  must  be  accept¬ 
able.  When  these  requirements  for  location  of  the  resultant  are  not 
satisfied  the  investigating  engineer  should  assess  the  importance  to 
stability  of  the  deviations. 

4.4.4. 5.  Sliding.  Sliding  of  concrete  gravity  structures  and  of  abutment 
and  foundation  rock  masses  for  all  types  of  concrete  dams  should  be  evaluated, 
by  the  shear-friction  resistance  concept.  The  available  sliding  resis¬ 
tance  is  compared  with  the  driving  force  which  tends  to  induce  sliding 

to  arrive  at  a  sliding  stability  safety  factor.  The  investigation  should 
be  made  along  all  potential  sliding  paths.  The  critical  path  is  that 
plane  or  combination  of  planes  which  offers  the  least  resistance. 
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4.4.4. 5.1.  Sliding  Resistance.  Sliding  resistance  is  a  function  of 
the  unit  shearing  strength  at  no  normal  load  (cohesion)  and  the  angle 
of  friction  on  a  potential  failure  surface.  It  is  determined  by 
computing  the  maximum  horizontal  driving  force  which  could  be  resisted 
along  the  sliding  path  under  investigation.  The  following  general 
formula  is  obtained  from  the  principles  of  statics  and  may  be 
derived  by  resolving  forces  parallel  and  perpendicular  to  the  sliding 
plane: 


Rr  ■  V  tan  (b  +  ©O  + 


cosot (l  -  tan  b  tano* 


where 

rr  »  Sliding  Resistance  (maximum  horizontal  driving  force  which  can 
be  resisted  by  the  critical  path) 

b  *  Angle  of  internal  friction  of  foundation  material  or,  where 
applicable,  angle  of  sliding  friction 

V  ■  Summation  of  vertical  forces  (including  uplift) 

c  ■  Unit  shearing  strength  at  zero  normal  loading  along  potential 
failure  plane 

A  *  Area  of  potential  failure  plane  developing  unit  shear  strength 

«  cii 

&  *  Angle  between  inclined  plane  and  horizontal  (positive  for  uphill 

sliding) 


For  sliding  downhill  the  angle  Of  is  negative  and  Equation  (1)  becomes: 


R»  -  V  tan  (b  -  «*  )  + 


cos ck  (1  +  tan  b  tancx  X 


When  the  plane  of  investigation  is  horizontal,  and  the  angle  of  is  zero 
and  Equation  (1)  reduced  to  the  following: 


Rg  ■  V  tan  b  +  cA  (5) 
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4.4.4. 5.2.  Downstream  Resistance.  When  the  base  of  a  concrete  structure 
is  embedded  in  rock  or  the  potential  failure  plane  lies  below  the  base, 
the  passive  resistance  of  the  downstream  layer  of  rock  may  sometimes  be 
utilized  for  sliding  resistance.  Rock  that  may  be  subjected  to  high 
velocity  water  scouring  should  not  be  used.  The  magnitude  of  the 
downstream  resistance  is  the  lesser  of  (a)  the  shearing  resistance 
along  the  continuation  of  the  potential  sliding  plane  until  it  daylights 
or  (b)  the  resistance  available  from  the  downstream  rock  wedge  along  an 
inclined  plane.  The  theoretical  resistance  offered  by  the  passive  wedge 
can  be  computed  by  a  formula  equivalent  to  formula  (3): 


W  tan  (.6  +  )  + 


passive  resistance  of  rock  wedge 


weight  (buoyant  weight  if  applicable)  of  downstream  rock  wedge 
above  inclined  plane  of  resistance,  plus  any  superimposed  loads 

angle  of  internal  friction  or,  if  applicable,  angle  of  sliding 
friction 


angle  between  inclined  failure  plane  and  horizontal 

unit  shearing  strength  at  zero  normal  load  along  failure 
plane 

area  of  inclined  plane  of  resistance 


When  considering  cross-bed  shear  through  a  relatively  shallow,  competent 
rock  strut,  without  adverse  jointing  or  faulting,  W  andc»s  may  be  taken 
at  zero  and  45°,  respectively,  and  an  estimate  of  passive  wedge  resis¬ 
tance  per  unit  width  obtained  by  the  following  equation: 


Pp  -  2  cD  (7) 

where  _ 

D  ■  Thickness  of  the  rock  strut 


4.4.4. 5.3.  Safety  Factor.  The  shear- friction  safety  factor  is  obtained 
by  dividing  the  resistance  by  H,  the  summation  of  horizontal  service 
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loads  to  be  applied  to  the  structure: 


s«-f  -  Rr  (8) 

TT 

When  the  downstream  passive  wedge  contributes  to  the  sliding  resistance, 
the  shear  fruction  safety  factor  formula  becomes: 


s.-f  “  rr  +  RP 
H 


C9) 


The  above  direct  superimposition  of  passive  wedge  resistance  is  valid 
only  if  shearing  rigidities  of  the  foundation  components  are  similar. 
Also,  the  compressive  strength  and  buckling  resistance  of  the  downstream 
rock  layer  must  be  sufficient  to  develop  the  wedge  resistance.  For 
example,  a  foundation  with  closely  spaced,  near  horizontal,  relatively 
weak  seams  might  not  contain  sufficient  buckling  strength  to  develop 
the  magnitude  of  wedge  resistance  computed  from  the  cross-bed  shear 
strength.  In  this  case  wedge  resistance  should  not  be  assumed  without 
resorting  to  special  treatment  (such  as  installing  foundation  anchors) . 
Computed  sliding  safety  factors  approximating  3  or  more  for  all  loading 
conditions  without  earthquake,  and  1.5  including  earthquake,  should 
indicate  satisfactory  stability,  depending  upon  the  reliability  of  the 
strength  parameters  used  in  the  analvses.  In  some  cases  when  the  results 
of  comprehensive  foundation  studies  are  available,  smaller  safety  factors 
may  be  acceptable.  The  selection  of  shear  strength  parameters  should 
be  fully  substantiated.  The  bases  for  any  assumptions;  the  results  of 
applicable  testing,  studies  and  investigations;  and  all  pre-existing, 
pertinent  data  should  be  reported  and  evaluated. 
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